Aim: To compare the ability of the direct rapid immunohistochemistry test (DRIT) and the gold standard test, luorescent antibody test, (FAT) to detect rabies virus antigen in the brains of slaughtered dogs from Niger State in the northern region of Nigeria. Study Design: Cross sectional. Place and Duration: Department of Veterinary Public Health, Ahmadu Bello University, Zaria, Nigeria and Rabies Program, Centers for Disease Control and Prevention(CDC), Atlanta, GA, USA, between January, 2012 and February, 2013. Methodology: Four hundred and seventy one (471) dog brain samples were collected through the occipital foramen from dogs destined for human consumption at five dog slaughter points in Niger State during January and July 2012. Samples were tested by FAT in July, 2012, then the FAT and DRIT were repeated in January, 2013 simultaneously and independently to detect rabies virus antigens. Results: Of the 471 slaughtered dogs, the same 3 (0.64%) had rabies virus antigens in their brains using both tests. There was absolute agreement between the two tests employed, and all the positive samples had 4+/4+ antigen distribution and the color intensity of the viral antigen. Conclusion: Detection of rabies viral antigens in slaughtered dogs may pose a serious public health risk, particularly for the dog butchers during purchase, shipment, slaughter and processing periods. The DRIT showed absolute agreement with the standard (FAT), yet does not require an electric incubator and an expensive fluorescence microscope, and thus could be a less expensive alternative test for the detection of rabies virus antigen in slaughtered dogs. It is recommended therefore, to use of DRIT for field surveillance of rabies virus antigen in the brain of slaughtered dogs, particularly in the developing countries where fluorescence microscopy is not readily available due to its prohibitive cost.
INTRODUCTION
Rabies is a viral zoonotic disease of warm blooded animals and the disease that causes the most agonizing death known to man the world over. Rabies is a major public health problem in most parts of the developing world, where the domestic dog plays a principal role as a reservoir and transmitter of the disease to humans [1] . While bats are the reservoirs of rabies in some parts of the western world, dogs are the major reservoirs of rabies in most developing countries particularly Asia and Africa. Rabies is effectively preventable through vaccination, but early detection and diagnosis of exposure to the virus is essential to make this statement a reality. The laboratory confirmation of rabies virus was first achieved in 1903 with the detection of the presence of Negri bodies in brain tissue of infected animals which is pathognomic for rabies [2] Diagnostic techniques for rabies have been standardized internationally [3] . Histopathological techniques such as the Sellers Stain technique [4] were used to determine the presence of Negri bodies; inclusions, typical of rabies, however, due to poor sensitivity and specificity this technique is no longer recommended by the World Health Organization for diagnosis [5] . The Mouse Inoculation Test (MIT) [6] and the Rabies Tissue Culture Infection Test (RTCIT) [7] are based on the propagation and isolation of the virus [6] . Unfortunately, both the RTCIT and MIT require a longer period of time (4-days and 28-days, respectively) for a diagnosis to be made, which is a disadvantage to bite victims. The fluorescent antibody test (FAT) relies on the ability of a detector molecule (usually fluorescein isothiocyanate) coupled with rabies specific antibodies (forming a conjugate) to bind to and allow the visualization of rabies virus antigen using fluorescence microscopy techniques [8, 9] . The FAT has been recommended as the gold standard technique for rabies diagnosis [3, 9] . However, this test requires approximately 2 hours to perform and requires the use of a fluorescence microscope, which is unavailable or cost prohibitive in most laboratories of the developing world countries where the disease is endemic. In numerous laboratories in rabiesendemic regions of the developing world, cost and simplicity are critical factors, even when the principal consideration is for rapid disease diagnosis [8] . To compensate for the use of prohibitive fluorescence microscopy in FAT, a direct rapid immunohistochemistry test (DRIT) for the postmortem detection of rabies virus antigen in brain impressions has been developed [10] . Using a cocktail of highly concentrated and purified biotinylated monoclonal antibodies, rabies virus antigen can be detected by direct immunostaining of fresh brain impressions within 1 hour. Performed on brain tissues, the DRIT has demonstrated sensitivity which correlates to the FAT for fresh specimens [11, 12, 13] . Field trials in Chad studied the DRIT in direct comparison to the FAT in an attempt to confirm the incidence of rabies from previous studies within an endemic area. In this study, results between the two tests were 100% in agreement [11] In the present report, DRIT and FAT were run simultaneously and independently on brain samples from dogs slaughtered for human consumption in a state from the Northern region of Nigeria to survey for the presence of rabies virus antigen. This study was carried out to evaluate the appropriateness of adapting the DRIT technique for rabies surveillance, particularly in Nigeria and developing countries where a fluorescence microscope cannot be purchased or maintained for FAT rabies diagnosis in most laboratories. 20'E, comprising of three senatorial zones (Bida, Kontagora and Minna) with 26 local government areas. The state has a total human population of over 3.9 million [14] , with abundant livestock and dog populations (199,812) [15] . The state falls within the Guinea (southern) Savanna Belt of Nigeria, and about 90% of population live in the rural areas farming for subsistence. Niger State is the largest state in the country in terms of land area, which is about 76,000 sq Km (or nearly 9 per cent of Nigeria's total land area). Fig. 1 represents an administrative map of Nigeria in Africa, with Niger State bounded with arrows. 
MATERIALS AND METHODS

Study Area
Sample Size (n)
Samples size was determined based the previous reported 28% prevalence of laboratory confirmed cases of rabies in apparently healthy slaughtered dogs from northwestern Nigeria [16] using the mathematical expression as described by Mahajan [17] . By the formula (n= Z 2 pq/d
2 ) a total of 310 samples was indicated, but this number was exceeded in our study, and 471 dog brain samples were collected and used.
Sample Collection and Shipment
Five dog slaughter points from four major towns (Bida, Kontagora, Minna and Suleja) were identified and used across the Niger State of Nigeria for sample collection between January and July, 2012. Dogs were examined before slaughter and virtually all were apparently healthy without visible signs of rabies. For every dog slaughtered at the time of the visit, the heads were removed and brain samples were collected via the foramen magnum. The skin and the muscles at the base of the skull were removed, and hacksaw and bone cutters were used to remove a portion of the skull wide enough to obtain brainstem. This sample was transferred to a pre-labelled (plastic) sample bottle. Samples were then shipped on ice to Virology Laboratory, Department of Veterinary Public Health and Preventive Medicine, Ahmadu Bello University (ABU), Zaria, Nigeria. The samples were stored at -20ºC until analysed in July, 2012. The samples were later transported on dry ice in September, 2012 to the Rabies Research Program, Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA. All 471 dog brain tissue samples were stored at -80ºC for 5 months and re-analysed in January, 2013.
Laboratory Procedures
Fluorescent antibody testing (FAT) was conducted on all the 471 dog brains at the Virology Laboratory, Department of Veterinary Public Health and Preventive Medicine, Ahmadu Bello University, Zaria Nigeria in July, 2012. Later FAT and DRIT were run in January, 2013 at the CDC to re-evaluate and to confirm the previous results [10,11].
Direct Fluorescent Antibody Test (FAT)
The confirmatory FAT procedure was performed as previously described [9] in accordance with the CDC protocol. Brain impressions were made on 3 well Teflon-coated glass slides, air-dried for 15-30 minutes, then fixed in cold acetone for a minimum of 1 hour. After fixation the impressions were reacted with two anti-rabies nucleocapsid monoclonal antibody conjugates, EMD Millipore Cat# 5100 (Temecula, CA, USA) and Fujirebio Diagnostics, Inc. (Seguin, TX, USA) and specificity negative control conjugate EMD Millipore Cat #5102 during an incubation of 30 minutes at 37ºC in a humid chamber. The slides were then removed, and the impressions washed in 0.01M PBS, pH 7.5 twice for 5 minutes each. Coverslips were placed onto the slides using 20% glycerol Tris-buffered mounting medium pH 9.0 and the impressions were observed for the presence of typical rabies-like inclusions demonstrating 4+ sparkling apple green fluorescence under fluorescence microscope at 200x magnification using a 20x aprochromat objective with > 0.75 aperture. Rabies virus infected and normal mouse brain specimens were used as positive and negative control-slides respectively. Presence of rabies typical apple green fluorescing inclusions in the examination fields of the duplicate impressions tested with anti-rabies conjugates and absence in the impression tested with the specificity control, non-rabies FITC conjugate was considered positive (presence) of rabies viral antigen. The absence of apple green fluorescing particle on the stained impressions was considered negative for rabies. All test slides were compared with the positive and negative controls. Results were recorded according to the intensity and distribution of viral particles graded from +1 (low) to +4 (high) intensity/distribution. Typical rabies virus inclusions demonstrated fluorescence of 4+ intensity.
Direct rapid immunohistochemistry test (DRIT) procedure
All the brain samples from dogs were also subjected to DRIT procedure as described [10, 13] at the CDC. Duplicates of the brain impressions for DRIT were made at the same time as for the FAT and included all the 471 dog samples, and the test positive and the negative control impressions. These impressions were airdried for 5 minutes and fixed in formalin for 10 minutes, removed and dip-rinsed (10 -15 times) into 1% Tween Phosphate Buffered Saline (TPBS) solution, then placed in hydrogen peroxide (H 2 O 2 ) for 10 minutes, dip-rinsed again in 2 separate containers of TPBS, then overlayed with biotinylated rabies monoclonal antibody for 10 minutes at room temperature in humid chamber. This was followed by a dip-rinsing in TPBS and impressions overlayed with streptavidin-peroxidase for 10 minutes at room temperature in humid chamber. Then slides were dip-rinsed in TPBS and overlayed with 6-Amino-9-Ethyl-cabarzol (AEC) working solution for 10 minutes at room temperature in humid chamber. Finally, the slides were dip-rinsed in de-ionized water and immersed in 2% Gill's hematoxylin (counterstain) for 2 minutes, then dip-rinsed in de-ionized water 10 -15 times in three separate containers to remove excess stain. Cover slips were placed over the impressions using the aqueous mounting medium ImmunoHistomount™ Sigma (ST Louis, MO, USA).Impressions were then viewed with a light microscope at 200x to 400x magnification using a 20x objective to scan the fields and 40x objective for increase magnification and greater resolution. The presence of bright red typical rabies inclusions on bluish countered atined background indicated (positive) presence of rabies antigens, while bluish background only, indicated the sample was negative (absence of rabies antigen). Distribution and intensity were recorded from +1 (low) to +4 (high). Positive samples demonstrated by 4+ intensity bright red inclusions. Low intensity coloration (light red or pink) is indicative of a non-specific reaction.
Kappa
Statistical Testing for Agreement
The results of DRIT and FAT were entered into a 4x4 contingency table and were subjected to Kappa statistical test for agreement between the two tests as described [18] . Kappa coefficient (value) of 0 -0.2 = no agreement, 0.2 -0.4 = moderate agreement, 0.6 -0.8 = good agreement, 0.9 -1 = absolute agreement [18] 
RESULTS
The results demonstrated that of the 471 dog brain sample analysed by FAT and DRIT, 3 (0.64%) samples were positive for rabies antigen with 100% agreement between the 2 tests employed (Table 1) . Furthermore, the positive samples agreed 100% in the distribution and intensity of the viral antigen (4+/4+) with both techniques (Table 1, Figs. 2 and 3) .
The samples that were positive when analysed by FAT in July, 2012, in ABU, Nigeria still remained positive when re-analysed with FAT and DRIT in January, 2013 at CDC, Atlanta, USA ( Table 2 ).
DISCUSSION
It has been observed that of the 471 dog brain sample analysed by FAT and DRIT, 3 (0.64%) samples were positive for rabies virus antigen with 100% agreement between the two tests (FAT and DRIT) employed. This outcome has again confirmed the presence of dog rabies in the dog population rendered as food source in Niger State of Nigeria. This further emphasizes the relevance of rabies surveillance in butchered dogs. It is of public health significance that the (0.64%) occurrence of rabies (in butchered dogs) would have been missed if only the samples submitted to the Rabies Diagnostic Laboratory, National Veterinary Research Institute (NVRI), Vom, Nigeria were included in the calculations of incidence of rabies cases in Nigeria. Previously, the incidence of rabies in suspected animal samples submitted to NVRI between 1991 and 2005 was reported to be 45.5% [19] . Despite the presence of rabies in the butchered dogs in the present study area, the percentage (0.64%) is very low compared to high percentages (between 6 and 42.2%) in butchered dogs reported by other researchers from various states in Northern Nigeria [16, 19, 20, 21, 22, 23] . This low percentage in the present report may imply that there was low circulation of the rabies virus amongst the dog population in Niger State of Nigeria (the study area) from January to July, 2012. The 100% concordance between FAT and DRIT suggests that in this sample set of butchered dogs, the DRIT technique has demonstrated sensitivity and specificity equal to the gold standard FAT technique on brain samples from butchered ed dogs as previously reported [11, 12, 13, 24] . The long storage and quality of the samples does not seem to have affected the results of analyses when comparing the July, 2012 FAT and those obtained in January, 2013 using FAT and DRIT. It was observed that the highest positivity rate (2 out of 3 positives) was among samples collected in June, towards the end of the samples collection period. This may be as a result of dog butchers' awareness and acceptance of the research by mid-study and towards the end of the sample collection period. Hence more samples collected and more positives in June.
In this study, the 3 positive samples with observed high distribution and intensity of the antigen (4+/4+) demonstrated the presence of rabies virus infection in the brains of apparently healthy butchered dogs destined for human consumption. The public health implication of this finding is that the dog butchers, dog consumers and dog owners could be infected with rabies virus through contact with the infectious materials during and after the processing period. Furthermore, the housing, handling, purchase and shipment of apparently healthy dogs, but with rabies virus infection in their brains (and potential presence in saliva) may aid in the disease transmission and maintenance of rabies virus in the dog and human populations within the study area. It should be noted, however, that oral infection with the rabies virus (through the eating of tissues from a rabid dog) may not cause rabies infection if the cooking or roasting temperature is sufficient to kill the virus. In addition, low pH of HCl acid in the stomach may inactivate rabies virus. However, if insufficiently cooked tissues are ingested, there is the potential for pre-gastric infection of oral cavity tissues (i.e. buccal mucosa, tonsils, tongue, etc.). Furthermore, the observation of 4+distribution and 4+ intensity of rabies virus antigen in the brains of the positive dogs may suggest that the dogs were expressing non-aggressive signs consistent with paralytic "dumb" form of rabies, and the early signs (lethargic, cowering state) not recognized for rabies or misinterpreted as environmental apprehension at the point of slaughter.
The question is how healthy are the so called apparently healthy dogs? In the present study, the dogs were visually examined in their cages before slaughter and were apparently healthy dogs and hence assumed to be rabies free. However, the presence of rabies antibodies has been documented in 15.93% of unvaccinated dogs examined from southern Nigeria [25] . This suggests that such dogs were previously infected with the virus, but remaining apparently healthy expressing the presence of such antibodies in that report [25] . Furthermore, Fekadu (1988) reported that up to 20% of dogs experimentally infected with a street rabies virus that were initially showing signs recovered without any supportive treatment, and he concluded that rabies is not invariably fatal [26] . In another report, two of the dogs, inoculated with a rabies virus strain from Ethiopia recovered from clinical rabies [27] . In other words, rabies carrier state or inapparent infection and the presence of rabies antigens and antibodies in apparently healthy dogs have been a subject of research in Nigeria and elsewhere in the world [16, 20, 21, 22, 23, 28, 29, 30, 31] . Additional research, however, is necessary to answer these questions.
In addition, this study has demonstrated the practical application and cost effectiveness of the DRIT as an alternate test for post-mortem diagnosis of rabies in animals. There was 100% agreement when DRIT resutls were compared to the results of the same samples tested by the FAT. The cost of a fluorescence microscope (used in the FAT) was quoted as ten times higher than the cost of a light microscope (used in the DRIT) [11] . The utilization of a simple light microscope for observation of rabies virus antigen in the DRIT technique is a major advantage since light microscopes are readily available and affordable even in low income countries where rabies may be under diagnosed and under reported [32] .
CONCLUSION
Based on the outcome of this research, the DRIT appears to be an excellent diagnostic tool for field surveillance of rabies antigen in Nigeria and other developing countries. The test is particularly suited to low income countries where a constant supply of electricity is rare. Therefore, the use of DRIT technique for rabies virus diagnosis in butchered dogs across the states of Nigeria will greatly enhance the diagnostic capability and rabies surveillance in Nigeria. Although the test components such as streptavidin-peroxidase reagent and the AEC stock component buffers and working solutions, slides and mounting media are all commercially available, a major limitation is the lack of a commercial source for the biotinylated rabies monoclonal antibodies to meet the growing global needs.
The recent WHO Expert Consultation on Rabies, Second Report, 2013 [33] , recognized the DRIT as a test which has produced consistently reproducible results in some laboratories, and that evaluation has shown sensitivity and specificity are comparable to those of the FAT [33] . It further recognized the advantage of this technique in enhancing rabies surveillance since the procedure requires only a light microscope. In addition, the Consultation recommended further development of DRIT based tests as an alternative to the FAT, and potential usefulness of the test if the additional reagents become available commercially. 
